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Specification 



1 . Title of the invention 

Near-infrared absorbing polyester film 

2. Claim of the invention 

A biaxially oriented near-infi-ared absorbing polyester film, in which the absorption factor 
for near-infrared of 800 to 900 m^ is 90% or higher, difference in the center-line average height 
of the front and back surfaces [roughness] is 0.005 \i or below, and the isotropic index of the film 
flat surface is 10% or below. In this case, the isotropic index is given by 

I-(A-B)/Ax 100 (%) 

when the direction that indicates the maximum value (A) of temperature expansion coefficient or 
humidity expansion coefficient and the direction that indicates the minimum value (B) of 
temperature expansion coefficient or humidity expansion coefficient and the minimum exists. 

3. Detailed description of the invention 

The present invention pertains to a biaxially oriented film of a thermoplastic polyester, 
and to a film capable of absorbing near-infrared. 

The present invention fiirther pertains to a near-infi^red absorbing polyester film 
essentially an absence of difference in the roughness between the front surface and back surface 
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of the filter and to an isotropically balanced film in which the film is oriented to nearly the same 
degree in all direction of the flat surface of the film. 

Biaxially oriented polyester films are widely used in a variety of fields. When used for 
magnetic discs or masking for copies, uniform properties are required in all directions of the film, 
and for example, absence of anisotropy in temperature expansion coefficient, humidity expansion 
coefficient, and thermal shrinkage factor is desired. Furthermore, it is necessary to apply light 
shielding property to the film itself for magnetic discs so that leak of light other than passing of 
the index hole is absent. However, a film that satisfies all of the above-mentioned properties is 
not known. 

[p. 2] 

As a result of much research conducted by the present inventors on light shielding films 
having essentially uniform properties in all directions, they discovered that a film capable of 
absorbing near-infi-ared and that is essentially without a difference in the film surface roughness 
and insignificant difference in the temperature expansion coefficient or humidity expansion 
coefficient is suitable for a film for magnetic disc, etc., and as a result, the present invention was 
accomplished. 

In other words, the present invention is a biaxially oriented near-infrared absorbing 
polyester film, in which the absorption factor of the near-infrared of 800 to 900 m|i is 90% or 
higher, difference in the center line average height (based on the specification of JIS B0601- 
1976) of the front and back surfaces is 0.005 ^ or below, and the maximum value and minimum 
value of temperature expansion coefficient or humidity expansion coefficient at a given position 
of the film flat surface satisfy the isotropic index shown in the following general formula (I). 
[Wherein, I = ( A-B)/A x 1 00 =< 1 0 (%) 

A: Maximum value of temperature or humidity expansion coefficient 
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B: Minimum value of temperature expansion coefficient when A is temperature expansion 
coefficient, and the minimum value of humidity expansion coefficient when A is humidity 
expansion coefficient 
I: isotropic index] 

For thermoplastic polyesters, polyethylene terephthalate, polybutylene terephthalate, 
polyethylene-2,6-naphthalene dicarboxylate, etc. can be mentioned. Furthermore, copolymer 
polyesters can be used, and the above-mentioned polyester includes those containing 1 5 wt% or 
less of organic or inorganic compounds or other polymers. 

When the film of the present invention is used for magnetic discs, the near-infrared 
absorption is such that the near-infrared is not transmitted through the area other than index hole, 
and light absorption of near-infrared of 800 to 900 mjx of 90% or higher is suitable. It is further 
desirable when the above-mentioned value is at least 93%. In order to achieved the above- 
mentioned property, in general, a pigment with low light transmittance is added to the film, and 
for example, mixing is performed for the raw material polyester with a carbon black, iron oxide 
type pigment, molybdenum disulfide, etc. and extrusion is further performed. The absorption of 
near-infrared varies depending on the thickness of the film; thus, a lesser amount is required 
when the film is thick. An appropriate absorption of near-infrared is selected through trial and 
error. 

The lesser the projections of the film surface, the more desirable it is, and the lesser the 
degree of roughness between the fi"ont surface and back surface, the more desirable it is. In the 
present invention, measurement of the center line average height is performed according to the 
specification of JIS B060 1-1976. For example, when a tracing type surface roughness tester of 
Tokyo Precision Co., Ltd. (SURFCOM 3B) is used and a film surface roughness chart is drawn 
with the radius of the needle of 2 and under a load of 70 g, the center line of the sampling area 
of measurement length L (0.25 mm) in the direction of the center line is defined as the x axis, 
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and the direction that is perpendicular to the x axis is defined as the y axis, and the roughness 
curve is represented by Y= f(x), the mean roughness Y-bar is given by 



The above-mentioned measurement is made for 8 sample pieces, and the mean of 5 
measured values with the exception of three higher measured values is defined as Rcla- 

hi the present invention, an adjustment is made so that the difference in the center-line 
mean roughness of the front and back surface under the condition where a pigment is mixed or 
drawing and heat-treatment are performed is 0.005 |i or below, preferably, 0.003 ^ or below. In 
order to achieved the above-mentioned objectives, a thorough kneading is performed for a 
polyester containing a pigment, and essentially the same temperature is used for heating and 
cooling of the front surface and back surface of the film at the time of film formation and heat- 
treatment. Furthermore, a fine particle is used for the pigment and a film with a lesser degree of 
surface projections is produced. 



Based on the above-mentioned background, it is desirable when a filter with a mean mesh 
of approximately 15 to 30 ^ is used at the time of hot-melt extrusion of the polyester containing a 
pigment. In this case, the mean mesh means the case where the equation shown below can be 
established when a filter is immersed in ethanol and bubbling is performed by compressive air 
between the pressure (H) at the area where the air pressure becomes constant for the air flow 
ratio and mesh (d). 




and the center-line mean roughness Rcla is given by 




[p. 3] 
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d = 4r/g(poH-ph) 
Wherein, r: Surface tension of ethanol 

h: Depth of filter in ethanol 

Po: Density of the liquid used for manometer 

p: Density of ethanol 

g: Gravitational acceleration 
When the mesh exceeds 30 |i, large particles are mixed with polyester and a difference in 
the projections on the front and back surfaces of the film is likely to occur. On the other hand, 
when a mesh of 15 ^ or below is selected, clogging of the filter is likely to occur, resulting in 
reduced life. 

As a means to reduce difference in temperatures at the ft*ont and back surfaces of the film 
at the time of orientation of the film, use of many pre-heating rolls so that the fi-ont surface and 
back surface come in contact with the roll surfaces altematingly is effective. 

When used for magnetic discs and masking of copies, it is necessary for the temperature 
expansion coefficient and humidity expansion coefficient to be uniform. Especially, it is 
important for the thermal shrinkage factor to have a low absolute value and absence of 
directionality. In order to produce the above-mentioned film, reduction of the difference in 
properties in the width direction at the time of production can be mentioned. For example, upon 
stretching in the longitudinal direction, difference in properties can be reduced when a stretching 
temperature in the range of 95 to 100°C is used for polyethylene terephthalate. In a near-infirared 
absorbing film, as in the case of the film of the present invention, stretching in the longitudinal 
direction can be efficiently achieved when heating is performed for the stretching area by an 
infi'ared heater with a surface temperature of 800°C or above. 

Naturally, the wavelength of the radiation energy peak is reduced when the surface 
temperature of the heating element is increased, and shifting occurs fi-om far-infi-ared to near- 
infi"ared or visible region, and many thermoplastic polyesters transmit radiation in the visible 
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region to near-infrared region. Therefore, heating efficiency is likely to be reduced even when 
the surface temperature of the infrared heater is increased. However, the film of the present 
invention exhibits excellent heat absorption at near-infi^red region to visible region; thus, rapid 
heating by an infrared heater can be used and the stretching can be stabilized and furthermore, the 
stretching area can be limited to a narrow area; thus, stretching in the width direction that follows 
is not influenced. When the temperature of the film is increased by roll heating, etc, irregular 
thickness due to adhesion between the roll and film occurs, stretching line is likely to shift and 
variations in width are likely to occur and processing stability is reduced. 

In stretching the film in the width direction after stretching in the longitudinal direction at 
a relatively high temperature, the temperature condition and stretching ratio are appropriately 
selected so that orientation that nearly matches that in the longitudinal direction can be achieved. 
As an index of the orientability, measurement of temperature expansion coefficient or humidity 
expansion coefficient is effective. When the orientability shifts in one direction, the above- 
mentioned temperature expansion coefficient (6) is reduced in the direction with high orientation, 
and coefficient of linear expansion increases in the direction that is perpendicular to the above- 
mentioned direction. It is important to make an adjustment so that the value obtained by dividing 
the difference in the maximum value and the minimum value of each positional direction of the 
above-mentioned coefficient of linear expansion of the film by the maximum value is within 
10%. The above-mentioned adjustment can be achieved when measurement is performed for the 
temperature expansion coefficient (humidity expansion coefficient, refractive index) for each 
direction of the film as an appropriate adjustment is being made for the stretching ratio and 
stretching temperature in the longitudinal direction and width direction and setting an appropriate 
condition. Furthermore, in order to produce a film with a lesser difference in the coefficient of 
expansion in each direction, the same degree of orientation used for the longitudinal direction 
and width direction alone is not sufficient, and a reduction in difference in the properties in the 
width direction is essential. For example, a method in which cooling is performed for the fihn 
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after stretching in the width direction to a temperature below the glass transition temperature 
followed by a heat-treatment under tension, or a method in which heat-treatment is performed 
under tension at a relatively low temperature in the range of 100°C to 150°C and a heat-treatment 
is fiirther performed for the film that passed the tenter by a heating roll can be used. 

[p. 4] 

When a hypothetical line is drawn in the width direction of the film after stretching in the 
longitudinal direction, and stretching in the horizontal (width) direction and a heat-treatment is 
provided under tension, flexing of the above-mentioned hypothetical line occurs and bowing is 
likely to occur. In the present invention, the above-mentioned bowing is reduced and a film with 
a lesser difference in properties in the width direction is produced. As described above, bowing 
is reduced when the high stretching temperature is used at the time of stretching in the 
longitudinal direction; thus, production of the film of the present invention is made relatively 
easy. 

It is inconvenient to measure properties (reflective index, shrinkage factor, temperature 
expansion coefficient, humidity expansion coefficient, etc.) of the film in all positions and all 
directions, thus, in reality, measurement is performed for several points that include center area 
and both edges along the width direction of the film, for example, 6 to 12 points at an intervals of 
1 5 to 30 degrees, and measurement of difference in properties is performed. Even when the 
isotropic index is I<10% at and near the center area, increase in the value is likely to occur at the 
edges. 

Difference in properties of the film at the fi"ont and back surfaces based on position and 
direction is very insignificant in the film of the present invention. Thus, the film can be used 
effectively for applications where isotropy is required and near-infi*ared is required. As a typical 
example, magnetic disc can be mentioned, and dimensional stability of the film is not influenced 
by changes in the environment. 

The present invention is fiirther explained in detail below. 
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(Working example 1) 

Mixing was performed for a polyethylene terephthalate chip without a carbon black and a 
polyethylene terephthalate chip containing 4 wt% of carbon black in such a manner that the total 
carbon black included becomes 0.5 wt%, hot-melting was performed by an extrusion molding 
machine, filtration was performed by a filter with 10 G grade (mean mesh of 25 n) by Yujin Co., 
Ltd., and extrusion was performed from a T-die onto the surface of a quenching drum, heating 
was performed by a 75°C pre-heating roll; then, rapid heating was performed for both surfaces of 
the above-mentioned film between the above-mentioned roll and a roll having a different 
peripheral speed by a silicon carbide heat generator having a surface temperature of 1000°C, 
stretching was performed to 3.6 times in the longitudinal direction, then, 3.9 times in the width 
direction at a temperature of 105°C so as to produce a biaxially drawn film with a thickness of 75 
|i. Right after drawing is performed to the width direction, chilled air was applied and cooling 
was performed for the surface of the film to 80°C, a heat-treatment was performed at a 
temperature of 230°C, and a heat-treatment was further performed in the width direction under 
10% tension at a temperature of 215°C, and furthermore, relaxation treatment was performed at a 
temperature of 100°C to produce a biaxially drawn film. The above-mentioned film was 
transported by three-rolls under a relatively low tension as it was being heated at 130°C, chilled 
by a roll to near room temperature and take-up was performed, and the resulting film was used as 
a sample for the working example. Properties obtained are as shown in the Table below. 
(Comparative example 1) 

In Working example 1 , the surface temperature of the infrared heater was changed to 
750°C, and the vertical stretching ratio was changed to 3.4 times, and production of a biaxially 
drawn film with a thickness of 75 fi was produced as described above. 
(Comparative example 2) 

In working example 1, carbon black was omitted and 0.3 wt% of silica fine powder (mean 



KOKAI PATENT APPLICATION NO. SHO 58-168526 

particle diameter of 1.0 u) was added, and filtration was done by a filter with 15 G grade (mean 
mesh of 40 |i) by Yujin Co., Ltd., and production of a biaxially drawn film with a thickness of 75 
|i was produced as in the case of working example 1 . Properties obtained are as shown in Table 
I. 



Furthermore, near-infrared absorption (800-900 m^) of the films produced in the above- 
mentioned working example 1 and comparative examples 1 and 2 was 95% in all cases. 
[Table] 





Difference in the 

center-line 

surface 

roughness (ii) of 
front and back 


Isotropic index 
of temperature 
expansion 
coefficient 


48 tracks/inch 
magnetic disc 
applicability 


96 tracks/inch 
magnetic disc 
applicability 


Working 
example 1 


0.002 


4% 


Acceptable 


Acceptable 


Comparative 
example 1 


0.002 


32% 


Acceptable 


Not acceptable 


Comparative 
example 2 


0.008 


15% 


Acceptable 


Not acceptable 



[p. 5] 

The isotropic index of the working example 1 of the film of the present invention is a 
minimum of 4%, and hardly any difference is observed in the surface roughness between front 
and back, and a high-quality product suitable for magnetic discs is produced. 

Applicant: Teijin Corp. 

Agent: Sumihiro Maeda, Patent attorney 

Amendments requested 
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